Background: Hot flashes are the most frequent symptoms of the menopause, with 10-20% of all postmenopausal women reporting nearly intolerable occurrences. Although pharmacopuncture with hominis placenta extract is one of the new acupuncture therapies popular in East Asian medicine with a known efficacy in treating facial flushing, there has been little research on the efficacy and safety of this extract. This study, therefore, aims to evaluate the efficacy and safety of pharmacopuncture with hominis placenta extract (PLC) compared to injections of normal saline, in perimenopausal and postmenopausal women in Korea.
Background
Today, women live more than a third of their lives in the perimenopausal or postmenopausal stage. Hot flashes affect their quality of life, and are usually the most common symptom, as they are experienced by 75% of women [1] . Symptoms can last from 6 months to as long as 10 years [2] . Symptoms associated with hot flashes include a feeling of intense heat, sweating, weakness, changes in heart rate, panic disorder, and anger. Repeated night hot flashes can lead to insomnia, which eventually results in difficulty in concentrating, fatigue, and cognitive impairment [3] .
Although hormone replacement therapy is the most effective and popular treatment for hot flashes [4, 5] , it is not administered to many women due to its adverse side effects and potential risks [6] . Recent research suggest that hormone replacement therapy increases the risk of coronary heart disease, stroke, and breast and endometrial cancer, and this has consequently resulted in increasing interest in nonhormonal therapies [7] [8] [9] [10] . Interest has increased in phytoestrogen therapy, but its effect on menopausal symptoms remains unclear [4] . Serotonin reuptake inhibitors are effective for hot flashes but are ineffective for other menopausal symptoms [7] . Due to the varied limitations and side effects of existing treatments, research into therapies for hot flashes in complementary alternative medicine and traditional Korean medicine (including acupuncture) is receiving greater attention [11] [12] [13] [14] [15] .
A number of clinical studies have reported that acupuncture reduces the symptoms of hot flashes. Pharmacopuncture is a combination of acupuncture and medication, and is a new therapy in which a purified herbal medicine is injected at an acupoint. It is widely used in China and Korea, and is also known as acupoint injection, herbal acupuncture, aqua acupuncture, and aquapuncture [16] . With its increasing use, various studies on pharmacopuncture have been initiated and are ongoing. However, although pharmacopuncture is used for various perimenopausal or postmenopausal symptoms, it has been the subject of very little clinical research. According to a systematic review in 2009 of randomized control trials in Korean pharmaceutical research by Park [17] , the majority of such control trials on pharmacopuncture looked at musculoskeletal disorders. Thus, currently there is insufficient evidence for the use of pharmacopuncture to treat gynecological disorders such as postmenopausal syndrome.
Pharmacopuncture with hominis placenta is a widely used therapy for gynecological disorders. Hominis placenta is an extract of human placenta comprising various cell proliferators, blood clotting factors, and hormones and their precursors, such as gonadotropin, prolactin, thyroid-stimulating hormone, steroid hormones, prostaglandin, lysozyme, kininase, histaminase, erythropoietin, phospholipids, and polysaccharides [18] [19] [20] . In fact, this medicinal material has been widely used for a long time in the clinical practice of Korean gynecology, and is generally prescribed as an oral medication or pharmacopuncture [21] . Moreover, hominis placenta has mainly been used for chronic consumptive diseases or weak conditions, infertility, sexual dysfunction, and menopausal disorders. Its clinical application in pharmacopuncture is well established for infertility, menopausal disorders, freckles [22] , menstrual pain [23] [24] [25] , facial paralysis [26] , and postpartum diseases [27] .
The clinical trial drug, PLC, is manufactured from Drug Master File (DMF)-registered raw materials (hominis placenta extract) and is based on a Unicenta injection manufactured by the drug company Unimed. The hominis placenta extract has recognized efficacy in anti-oxidation, wound recovery, and antiinflammation, and for increasing the metabolism of tissue cells [28] [29] [30] [31] . Considering that hominis placenta pharmacopuncture is widely used to treat hot flashes in clinical practice, we are running this clinical trial using the readily available quality-controlled PLC to verify its efficacy and safety. In addition, doctors and Korean medicine doctors will work together on this clinical trial using PLC manufactured in a similar way to the licensed Unicenta injections.
Methods/design

Study aims
The aim of the study is to evaluate the efficacy and safety of PLC used to treat hot flashes and other symptoms of perimenopausal or postmenopausal women.
Design and setting
This will be a randomized placebo-controlled singleblind multi-center parallel-design clinical trial. Participants will be enrolled from three hospitals: Ilsan Korean Medicine Hospital of Dongguk University, Gwangju Korean Medicine Hospital of Wonkwang University, and Dunsan Korean Medicine Hospital of Daejeon University. The study process is illustrated in Fig. 1 . In accordance with the protocol, all subjects who sign the informed consent will undergo a 2-week screening period before commencing treatment. Subjects who complete the screening period and meet the selection criteria will be randomly assigned to one of two groups for 8 weeks: the treatment group, who will receive the PLC pharmacopuncture treatment, and the placebo group, who will receive injections of normal saline (NS). The relevant treatment material will be administered twice a week for 8 weeks (a total of 16 injections). From the second visit onwards, all subjects will receive a hot flash symptom diary, which they will be asked to bring to visits 4, 6, 8, 10, 12, 14, 16, and 18. The Menopause Rating Scale (MRS) will be assessed at visits 2, 10, and 18 for both groups. The post-treatment follow-up assessment will occur at visit 19, when the symptom diary and MRS questionnaires maintained by the subjects will be assessed for both groups (Figs. 1 and 2).
Recruitment
Voluntary participants will be recruited form three centers: Ilsan Korean Medicine Hospital of Dongguk University, Dunsan Korean Medicine Hospital of Daejeon University, and Gwangju Korean Medicine Hospital of Wonkwang University. Recruitment will be through advertisements in outdoor areas, newspapers as well as on hospital websites.
Eligibility criteria
Inclusion criteria 1. Women between 45 and 60 years of age 2. Perimenopausal or postmenopausal women experiencing hot flashes 3. Perimenopausal women should meet one of the following criteria: i. have a history of amenorrhea for the last 3-11 months from the consent day (visit 1) ii. have suffered irregular menstrual periods in the past 12 months from the consent day (visit 1) 4. Postmenopausal women should meet one of the following criteria: i. have a history of spontaneous amenorrhea for the last 12 months ii. have 6 months of spontaneous amenorrhea with serum follicle-stimulating hormone levels greater than 40 mIU/mL iii. have had a postsurgical bilateral oophorectomy with or without hysterectomy at least 6 weeks prior to the consent day iv. have had a hysterectomy 5. Women having an average daily hot flash score of 10 or higher for 1 week before visit 1 6. Subjects who agree to this clinical study after sufficient explanation
Exclusion criteria
1. Women diagnosed with psychogenic menopausal symptoms 2. Women suspected of having an organic disease 3. Women with severe complications of the heart, liver, kidney, or other organs 4. Women with a history of malignant tumors 5. Women with thyroid disease or abnormal thyroid function 6. Women with liver or kidney dysfunction, indicated by values of sGOT, sGPT, bilirubin, or serum creatinine over twice the normal level 7. Women who may have difficulties in participating in this trial due to any of the following diseases: uncontrolled hypertension, diabetes with complications or under control with insulin injections and pumps, thyroid disease including 
Interventions
For all subjects in the pharmacopuncture group, 0.5 cc of PLC will be injected twice weekly at four acupoints (CV4, CV6, and bilateral Ex-BB1) using a 1-cc 30-gauge disposable syringe. Needle insertion will be to a depth of up to 8 mm. The control group will be injected with NS at the same points using the same technique. After the procedure, participants will receive infrared irradiation at a distance of 30 to 60 cm for 20 min so that they feel warmth in their lower abdomen. No treatments other than the prescribed treatment should be received during the test period.
The pharmacopuncture treatment will be administered by an experienced Korean medicine doctor who has had at least 6 years of regular Korean medicine university education and is licensed by the Korean Ministry of Health and Welfare. The drug for this clinical trial, PLC, is an extract of hominis placenta and will be manufactured by pharmaceutical company Unimed (Seoul, Republic of Korea). Hominis placenta is isolated from healthy pregnant women after delivery, and will be subjected to sterilization and hydrolysis extraction procedures. PLC is manufactured in accordance with Korean good manufacturing practice. The NS for the control group consists of sodium chloride 180 mg/20 ml (0.9%) and will be procured from Daihan Pharm Co. (Seoul, Republic of Korea). A researcher will label the two test materials as PLC and NS.
Randomization
Eligible participants will be randomized into one of the two groups via stratified block randomization at the hospital where they first come into contact with the research coordinators. The stratification factor is the hospital. A separate randomization sequence will be generated by computer at the central coordinating center by an independent statistician. The randomization codes will be sealed in opaque envelopes. Randomization plans will be kept confidential, except for emergencies. In the event of adverse events and emergencies related to the safety of the subjects, the test conductor in charge can identify the assigned treatment group of the subject through the statistician, who will maintain the random assignment table.
Blinding
To eliminate differences between the PLC group and control group and to maintain the blinding, the NS will be administered in an identical way as the PLC. According to Yoon et al.'s study published in 2004 [32] , NS is suitable as a control intervention for hominis placenta pharmacopuncture since the acupuncture sensation after injection is like that of the medication. The same amount of PLC or NS will be injected by the physician, at the same acupoints using the same gauge of syringe, so that participants do not feel any difference. Due to differences in the color of the PLC and the saline solution, the syringes will be covered with translucent tape to eliminate bias by the subjects. 
Outcome measures
Primary outcome: hot flash score
The primary outcome will be the mean change in the hot flash score from baseline to 8 weeks. The hot flash score for each day will be calculated as the number of hot flashes multiplied by the average severity of the hot flashes on that day. Participants will record the number of hot flashes in a daily diary during the trial. Flashes will be scored by severity on a scale from 0 to 4 (normal 0, mild 1, moderate 2, severe 3, and very severe 4) [33] . Since the hot flash score does not have a highest value, the residual hot flash score will be used for all statistical analyses. The hot flash score measured at the baseline will be normalized to 100, and the residual hot flash score will be calculated as a percentage of the baseline score.
Secondary outcomes
The secondary outcomes will be the mean changes in MRS, follicle-stimulating hormone levels, and estradiol levels, from baseline to 8 weeks. The MRS questionnaire is a self-administered instrument that has been widely used and validated. It has been used to assess the severity of menopausal symptoms in numerous clinical trials and epidemiological studies, and in research on the etiology of menopausal symptoms. The MRS questionnaire considers 11 symptoms, with each symptom being scored on a scale from 0 (no complaints) to 4 (very severe symptoms). The follicle-stimulating hormone and estradiol levels will be evaluated by blood tests on visits 1 and 18.
Sample size
All analyses will be undertaken by a professional statistician. Because no prior research using hominis placenta pharmacopuncture to treat hot flashes has been published, we will reference studies that have used acupuncture alone [34] or human placenta extract alone [35, 36] to alleviate hot flashes. The standard deviation was conservatively assumed based on this previous research [34] [35] [36] . The population mean of the control group was estimated using the change from the baseline in studies of acupuncture, and the population mean of the treatment group was estimated by assuming that pharmacopuncture will be more effective than acupuncture alone. Hence, the effect value was calculated by combining estimates from studies of pure acupuncture with the weighted average from studies of herbal medications. A minimum of 68 women in the treatment group and 34 women in the control group will be necessary to identify a 20% difference with a power of 80% and α = 0.05. Assuming a total withdrawal and dropout rate of 20%, we estimate that a total sample size of 128 subjects (85 in the treatment group and 43 in the control group) is required.
Study visit and data collection
The schedule of follow-up visits is shown in Table 2 .
Statistical analysis
The analysis will primarily be a full analysis. In addition, a per-protocol analysis will be undertaken. The full analysis will include all participants who have completed at least one PLC or NS treatment session and whose primary outcome has been evaluated at least once. The per-protocol analysis will include only those patients who have completed at least 80% of the treatment sessions and for whom there are no serious violations of the protocol. For the safety assessment, we will analyze a safety group, which will include all participants who have received at least one session of PLC or NS treatment. Important variables that may affect the final evaluation will be considered in the analysis.
Missing data
If data are missing for some time point or the participant has been lost to follow-up, a last observation carried forward analysis will be performed, as if it were obtained at that time. The last observation carried forward method will be applied to all efficacy assessment analyses. However, for laboratory test results, the analysis will be performed using only the available data sets.
Additional analysis Safety evaluation
At each visit, all subjective and objective discomforts will be collected through interviews, and these will be recorded on the case report form. The overall rate of adverse events will be calculated and analyzed. The rate of adverse events for each group will be compared using a chi-squared test or Fisher's exact test. If it is necessary to control critical variables that may affect the final assessment, a layering analysis will be applied (e.g., the Cochran-Mantel-Haenszel method).
Quality assurance
Quality standards will be set to ensure that patients are treated in accordance with this protocol. All practitioners will be informed of all details pertaining to this trial. Treatments will be performed by a Korean medicine doctor having extensive clinical experience in acupuncture and pharmacopuncture. Specifically, they will be graduates of a 6-year full-time course in Korean medicine taught as a college program. They must be certified by the Korean Ministry of Health and Welfare as a Korean medicine doctor and have more than 1 year of postgraduate clinical training in a Korean medicine hospital.
The contract research organization retains responsibility for quality control, and shall meet regularly throughout the study period. The contract research organization will frequently monitor all source documents and case report forms to ensure the quality and reliability of the clinical test results. Monitoring will be conducted in accordance with the clinical test management standards and relevant regulations. The study will be executed in accordance with the Helsinki declaration and good clinical practice requirement.
Ethics
This study protocol has been approved by the Korean Ministry of Food and Drug Safety (approval 31743). Additionally, the trial has been authorized by the institutional review boards of Ilsan Korean Medicine Hospital of Dongguk University (approval DUIOH 2018-07-003-002), Dunsan Korean Medicine Hospital of Daejeon University (approval DJDSKH-18-DR-15), and Gwangju Korean Medicine Hospital of Wonkwang University (approval 2018/14). All participants must provide informed consent before enrollment. This trial is registered with the Korean Clinical Trial Registry (CRIS), Republic of Korea.
Discussion
Due to the limited number of high-quality randomized controlled trials, there is no reliable evidence for the safety and efficacy of pharmacopuncture [37] . Thus, this is a randomized placebo-controlled single-blind multicenter parallel clinical study, designed to evaluate the efficacy and safety of hominis placenta pharmacopuncture in the treatment of perimenopausal or postmenopausal women experiencing hot flashes.
Based on the theory of Korean medicine, pharmacopuncture is a therapeutic method to cure diseases by injecting a pharmacopuncture solution at relevant acupoints or pain points. It is a new form of acupuncture treatment combining acupuncture and herbal medicine. In acupuncture, there is physical stimulation of associated meridians and acupoints, and pharmacopuncture adds chemical stimulation to acupuncture. Since herbal extracts can be absorbed directly without passing through the gastrointestinal tract, the effects of pharmacopuncture are expected to be realized more quickly than oral herbal medicine [38] .
Hot flashes are the most common symptoms related to the menopausal transition, and the primary reason that women seek medical treatment for menopausal symptoms [36] . Hot flashes are the second most worrisome menopausal symptom after weight gain [39] . Hot flashes are associated with a decreased quality of life and sleep disorders, and may play a role in influencing both the intensity and prevalence of other symptoms experienced during the menopause [40, 41] .
In a systematic review of pharmacopuncture in Korea, most published papers were on hominis placenta pharmacopuncture [37] . This extract is reported to be efficacious for leg spasticity [42] , dyspepsia [43] , Bell's palsy [44] , osteoarthritis [45] , dysmenorrhea [24, 25] , and postpartum symptoms [27] . Hominis placenta is widely taken by perimenopausal or postmenopausal women as an oral medication or via pharmacopuncture in Korean medicine. However, there have been no studies on its use for the climacteric syndrome.
Western medicine has associated climacteric symptoms with the reduced function of the hypothalamicpituitary-gonadal axis. Conversely, traditional Korean medicine frequently attributes renal deficiency as the underlying mechanism for climacteric symptoms. The normal functions of the kidneys in Korean medicine include thermoregulation, sexuality, and water homeostasis. During the menopausal transition, kidney function may decline with increasing age. In Korean medicine, many menopausal symptoms, such as hot flashes, dry mucosa, sleep disorders, and recurrent urinary tract infections, are regarded as symptoms of a deficiency of yin in the kidneys. Yin is identified with receiving and regenerative elements. The hominis placenta is known to have the power to replenish the yin in the kidneys [46] .
Despite the wide use of pharmacopuncture in Korean medicine, there are several issues with treatment. First, the efficacy of hominis placenta pharmacopuncture for the treatment of climacteric syndrome needs to be evaluated in large well-designed clinical trials. However, objectification and standardization of the medication is the first step in addressing the numerous problems inherent in operating a clinical trial on hominis placenta pharmacopuncture. We standardized the medication by using PLC manufactured following the guidelines for the Unicenta injection, after obtaining approval from the Korean Ministry of Food and Drug Administration. Unicenta is a commercially available injection. Published results of clinical trials in Korea indicate that it can alleviate menopausal symptoms [47] . In Korea, hominis placenta is injected subcutaneously. It has been shown to improve menopausal symptoms and liver function.
The second problem involves blinding. In this study, the control group is administered NS, which differs in color and viscosity from PLC. Hence, medical doctors can easily identify the medication. Since this study is designed as a single-blind study, blinding of participants will be maintained by covering the syringe with opaque tape.
The third hurdle is that, due to the absence of previous studies, the power calculation was based on data from studies where hominis placenta was applied as an oral medication and from studies of acupuncture. The size of the control group was calculated based on the acupuncture studies, but we believe the NS injection in this study will be more effective than pure acupuncture due to the additional physical stimulation of the acupoints. This needs to be considered when analyzing the outcomes.
Lastly, there are various ways to evaluate hot flashes. We selected the hot flash score as the primary outcome evaluation, since it assesses both the frequency and intensity of hot flashes, enabling us to evaluate the efficacy of treatment more accurately.
This clinical trial is the first to use an objective basis to measure the efficacy and safety of hominis placenta pharmacopuncture. It is supported by national funding. We expect that this study will provide evidence for the efficacy and safety of hominis placenta pharmacopuncture. Based on the results, we plan to recommend a standard protocol for pharmacopuncture treatment and aim to substantiate clinical practice guidelines as a development of Korean medicine. We also expect hominis placenta pharmacopuncture to be used globally as an alternative therapy for hot flashes experienced by premenopausal and postmenopausal women.
Trial status
Recruitment began on 31 October 2018. The current version of the protocol is 1.9, published on 1 November 2018. Recruitment is expected to be completed by the end of December 2019. The populated SPIRIT checklist is provided as Additional file 1. 
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